Abstract
INTRODUCTION
Achalasia is a rare oesophageal motility disorder, causing significant symptoms and potential sequelae. A number of treatment modalities exist for achalasia; however, the gold standard is a laparoscopic modified Heller myotomy (LHM) with a partial fundoplication [1] . A partial fundoplication is necessary to minimize reflux, which is reported to occur in over 60% of patients undergoing myotomy without an antireflux procedure. Peroral endoscopic myotomy (POEM) is a novel endoscopic procedure blending natural orifice transluminal endoscopic surgery and submucosal endoscopy [2] . The first report of a POEM procedure was by Inoue and colleagues in 2008 [3] . Since then, this technique has been used as an alternative to traditional myotomy; however, the long-term safety and efficacy have yet to be established. The objective of our study was to investigate a novel way to introduce this new procedure into clinical practice.
MATERIALS AND METHODS
This study was approved by the Mayo Foundation Institutional Review Board. All patient data were collected as part of our prospectively collected database. Our POEM program was reviewed from the time of inception in April 2012 until May 2015. Patients evaluated at our oesophageal clinic with a diagnosis of achalasia were offered a traditional laparoscopic myotomy with partial fundoplication or a hybrid procedure, comprising a POEM followed by laparoscopic evaluation of the myotomy, extension of myotomy, if needed, and a partial fundoplication (Dor fundoplication). The POEM technique is illustrated in Figs 1-5. After our initial 10 patients, we began offering patients stand-alone POEM versus a hybrid POEM. Preoperative and postoperative Eckardt scores were collected and compared. All procedures were †Presented at the 24th European Conference on General Thoracic Surgery, Naples, Italy, 29 May-1 June 2016.
performed under general anaesthesia in the operating room. Carbon dioxide was utilized for insufflation. All hybrid POEMs were full thickness and performed anteriorly to allow for easy inspection at the time of laparoscopy. The details of a detailed history and physical examination obtained at a standard 6-week follow-up appointment were recorded.
Patient characteristics and outcome variables were collected prospectively and then compiled from our database. Medians and percentages were calculated for patient characteristics and incidence of outcomes. Preoperative and postoperative Eckardt scores were calculated; medians were reported and compared. Technical success was considered an Eckardt score of less than 3 or a reduction of more than 4 points from baseline. The mean follow-up time was calculated based on days from the date of surgery until the most recent patient contact.
RESULTS
A total of 28 patients with achalasia underwent a hybrid POEM or POEM during the study period. Manometric classification of achalasia type was as follows: type I (12 patients, 43%), type II (7 patients, 25%) and type III (5 patients, 18%); no classification was available for 4 patients. No patients had sigmoid oesophagus. The mean age of the entire cohort was 54 years (range 14-81 years), and 54% of the patients were men (15 of 28). The majority of the patients had symptoms of dysphagia (96%, 27 of 28), followed by regurgitation and chest pain. Eleven patients (39%) had a history of a prior endoscopic intervention, including 6 undergoing botulinum toxin injection (21%) and 5 having pneumatic dilatation (18%). The median preoperative Eckardt score was 6 (range [4] [5] [6] [7] [8] [9] [10] [11] . Patient characteristics, perioperative data and postoperative data are summarized in Table 1 .
The hybrid POEM was performed in 17 patients. Ten patients had a stand-alone POEM. One patient underwent an attempted stand-alone POEM, which was aborted for bleeding and converted to a standard laparoscopic myotomy with partial fundoplication. The median length of the POEM was 11 cm, and the median length of the POEM time was 1 h 36 min. The median length of laparoscopic time, when performed, was 56 min. The median length of stay was 1 day (range 0-12). There were no deaths. One patient required readmission within 30 days for urinary retention. Efficacy, defined as a postoperative Eckardt score of 3 or less, was noted in 26 of 28 patients (93%). A comparison of techniques and outcomes is detailed in Table 2 .
During the first 10 hybrid procedures, 6 patients required extension of the myotomy during laparoscopy, with an average extension of 3.7 cm. All myotomy extensions were distal onto the gastro-oesophageal junction and stomach. The subsequent 7 hybrid POEMs did not require laparoscopic extension. We encountered intraoperative complications in 13 patients (46% overall) as detailed in Table 1 ; these included tension pneumothorax requiring chest tube insertion in 2 patients (7%), pneumoperitoneum requiring decompression in 6 patients (21%), mucosal perforations of the oesophagus or stomach requiring clips in 5 patients (18%) and significant bleeding in 1 patient (4%) with abandonment of the POEM and conversion to a standard laparoscopic myotomy. The patient with bleeding requiring conversion had a submucosal haematoma that caused significant dysphagia and a prolonged hospital stay but ultimately improved. All other intraoperative issues resolved without sequelae.
The mean follow-up period was 137 days (range 14-330 days). The median postoperative Eckardt score, analysed at the 6-week follow-up visit, was 0 (range 0-6). Eight patients reported reflux symptoms and were placed on medication for these symptoms (8 of 28, 29%). One patient developed erosive oesophagitis within the first year. Four patients had significant residual dysphagia during the follow-up period. Only 2 were failures based on Eckardt scores. Both underwent only POEM. Barium oesophagrams were available for 18 of the 28 patients (64%) at the 6-week follow-up visit. Three (17%) of the 18 had tapering and slow flow through the gastro-oesophageal junction. One required pneumatic dilatation that resulted in improvement of dysphagia. Another had manometric evidence of an incomplete myoctomy and subsequently underwent successful laparoscopic myotomy with partial fundoplication with resolution of dysphagia.
DISCUSSION
Ernst Heller reported the first surgical myotomy in 1914, which comprised both an anterior and a posterior myotomy [4] . This procedure has been modified over the years to a single anterior myotomy, generally via the abdomen in a minimally invasive manner. LHM has become the gold standard in the management of achalasia with excellent long-term symptomatic relief and a low complication rate [5] . The drawback is the fine balance between relief of dysphagia and disruption of the antireflux barrier. Consensus at this time is that a partial fundoplication should be performed at the time of the myotomy [6] .
The first POEM was performed by Inoue et al. in 2008 [3] . Since then, multiple case series and retrospective studies have validated the safety of POEM; however, no prospective randomized studies have been done to date [7] . Short-and intermediate-term follow-up has been reported with excellent results, with a mean follow-up period of 9.3 months. Dysphagia is improved in 90-100% of cases (average 98%) [7] . Efficacy as denoted by postoperative Eckhardt scores was excellent, with significant decreases in scores to below 3, generally the marker of successful achalasia therapy [7] . In a retrospective study, Teitelbaum et al. compared POEM with laparoscopic myotomy, particularly focusing on pre-and postoperative oesophagrams. They showed similar results postoperatively both in symptom score and objectively with oesophagrams [8] . Because this procedure is relatively new, no long-term data exist on recurrence of dysphagia over time. However, Inoue et al. has now reported data on his first 500 patients, with some patients having been followed out to 3 years. At 3 years, the efficacy of POEM based on Eckardt scores determined from interviews is 88.5% [9] . We found similar results, with efficacy based on Eckardt scores to be 93%.
Almost half of the patients in our series (13 of 28, 46%) had an intraoperative event. Five patients had oesophageal or gastric mucosal perforations requiring clips. All of these patients recovered without sequelae. We used 2 primary techniques for submucosal tunnelling, balloon dilation dissection and ceramic knife dissection. We found anecdotally that balloon dilation created more perforations. Chest tubes were removed either on postoperative Day 0 or 1. Patients with mucosal perforations had an oesophagram on postoperative Day 1 to ensure no leak before instituting oral intake. The patient with the aborted POEM and conversion to LMH had a prolonged hospital stay related to a submucosal oesophageal haematoma and inability to tolerate oral intake for a number of days. Our study was too small to determine whether previous therapies were a risk factor. No patients in our series had a sigmoid oesophagus.
Contrary to the results from our study, overall adverse events with POEM are reportedly low [8] . A few series have noted rates of pneumothorax, pneumoperitoneum and pneumomediastinum of more than 50%; however, these researchers did utilize room air rather than carbon dioxide for insufflation. Once they changed to carbon dioxide insufflation, the numbers decreased to be in line with those from other publications [10] . In 2016, Crespin et al. published a systematic review of 19 studies comprising more than 1299 POEM procedures that examined the efficacy and safety of POEM [11] . They found that the most common complications were mucosal perforations (9%, 118 of 1299), pneumothorax (5%, 69 of 1299), pneumoperitoneum (17%, 221 of 1299), pneumomediastinum (4%, 58 of 1299), pleural effusion (10%, 132 of 1299) and pneumonia (8%, 103 of 1299). The majority of these complications were treated at the time of the procedure or monitored without additional intervention necessary. They found that the rates of complications did vary significantly among studies from 0% to 30%. The authors attributed this to variability in reporting complications. 
THORACIC
An additional review by Patel et al. also published in 2016, reported 22 studies with 1122 patients [12] . They found overall that operative minor adverse events occurred in up to 36% of patients, but major adverse events were rare. Major events reported were mediastinal perforation and leak in 0.3% and bleeding in 1.1%. Only 8% of patients with pneumoperitoneum required decompression, and 2.7% of patients with pneumothorax required chest drainage. They did find that the reports and definitions of the adverse events were inconsistent in the majority of the studies, making analysis of the frequency of events difficult to interpret. Our results, therefore, may not be outside the normal for many centres starting a POEM program; however, we were surprised at the overall number of complications. One question is, what should be counted as a complication from POEM. Based on the systematic reviews cited above, it appears that many institutions struggle with this as well. Clearly, we had more complications than the expert centres are reporting currently. As in the other reports, the majority of our complications were dealt with intraoperatively and had no further clinical sequelae. The only morbidity resulting in a clinically significant complication was the submucosal bleeding and haematoma that resulted in a prolonged hospital stay. Therefore, moving forward, a consensus on what is a reportable complication from POEM would be helpful to further clarify the safety of the procedure.
Gastro-oesophageal reflux remains an unresolved issue, with a large variability of associated data. Reflux occurs post-myotomy in 60-100% of patients if no fundoplication is utilized. However, in a prospective randomized trial, it was shown than when POEM was combined with a Dor fundoplication, the incidence of reflux decreased from 47.6% to 9.1% [6] . The incidence of clinically significant reflux in post-POEM patients is unknown [13] . Gastrooesophageal reflux after POEM has been reported in 0-44% [7] . Because the hiatus and phreno-oesophageal membrane are not disturbed in POEM as in LHM, reflux should not be increased. Theoretically, the hiatal attachments are undisturbed and the flap-valve mechanism of the lower oesophageal sphincter is intact. Inoue et al. describes performing his myotomy in the 2-o'clock position on the circumference of the oesophagus, which directs the myotomy to the lesser gastric curvature without disturbing the acute angle of His (at the 8-o'clock position), which should also in theory reduce the risk of post-POEM reflux [14] .
Only one study used 24-h pH monitoring after POEM. Swantstrom et al. documented 46% of patients with abnormal oesophageal acid exposure, with 44% experiencing symptomatic heartburn [15] . The incision of only the inner circular muscle and avoidance of incising the sling muscles near the angle of His are theorized to minimize the risk for post-procedure reflux, but there is tremendous variability in technique, ranging from an anterior to a posterior myotomy and a complete versus only an inner circular incision. Inoue et al., in his series of 500 patients, reported 64.7% having endoscopic evidence of oesophagitis at 2 months, 59% at 1 to 2 years and 56% at 3 years. Symptoms of reflux were found only in 21% of patients interviewed at 3 years [9] .
We had 8 patients (29%) who required antireflux medications postoperatively for symptoms. Two patients had objective evidence of reflux: 1 had erosive oesophagitis and a bleeding ulcer and 1 had a pH study confirming acid exposure. Both of these patients underwent a hybrid POEM with fundoplication.
Comparative analyses of POEM and laparoscopic myotomy have demonstrated similar postoperative narcotic requirements, adverse event rates, long-term symptom control, long-term Eckardt scores and reflux [16] . POEM has been reported to have more favourable results regarding procedure time, intraprocedural bleeding and post-procedure dysphagia [16] . Discharge from the hospital was on par with our usual course after LHM (median length of stay, 2 days).
A final consideration that led us to embark on the pathway of a hybrid procedure is the learning curve associated with the operation itself. The suggested learning curve for POEM with circular muscle myotomy is 20 cases for the experienced endoscopist. The length of the procedure and the incidence of perforations of the mucosa have been shown to plateau around 20 cases [17] . However, a second study analysing more patient and procedural variables concluded that mastery was not reached until 60 cases [18] . Methods of training include explant models of porcine oesophagus and stomach, live porcine models and cadaver models. Inoue et al. advocated a more rigorous system for his trainees with a 4-to 6-month period of observer/assistant and then a graduated period of performing portions of the procedures [19] .
Submucosal dissection across the gastro-oesophageal junction is the most difficult portion to learn and is dependent on consistently identifying the gastro-oesophageal junction. From previous articles in the LHM literature, we know that the distance of the myotomy onto the stomach cardia can make a large difference in dysphagia. Therefore, we began to perform the POEM in a hybrid cooperative manner to assess and even increase the distance of the myotomy onto the gastric cardia via laparoscopy. We did have to extend the myotomy in 7 of the first 10 patients. After these initial 10 patients, we were better able to identify which fibres to divide and how long to extend the submucosal tunnel and the subsequent myotomy. This understanding was reflected in our treatment of the next 7 patients. The addition of a laparoscopic evaluation had the further benefit of allowing us to quickly perform a partial fundoplication to provide protection from reflux from a complete, full-thickness myotomy. We do not add any additional hiatal dissection other than removing the gastric fat pad to assess the length of the myotomy. However, when we converted to only POEM, we did have 2 patients without efficacious relief of dysphagia, suggesting an inadequate myotomy. One of these patients underwent successful LHM with resolution of symptoms; another had a pneumatic dilatation with some improvement in symptoms. These patients had inadequate myotomies.
CONCLUSIONS
The excellent results of a standard laparoscopic modified Heller myotomy with partial fundoplication are challenging to duplicate in the initial adoption of a POEM approach. We developed a program to steepen the learning curve, enhance patient safety and ensure adequate patient follow-up while implementing this new, complex procedure. We have subsequently continued our program, offering patients only POEM and feel that the hybrid approach is a helpful bridge for programs interested in starting a similar program.
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